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PROCESS AND DEVICE FOR THE SELECTIVE C ATALYTIC REDUCTION OF 
NITROGEN OXIDES IN AN OXYGEN- CONTA INING GASEOUS MEDIUM 

5 

Cross-Ref erence to Related Application : 

This is a continuation of copending International Application 
PCT/DE99/01367, filed May 6, 1999, which designated the United 
States . 

10 

Background of the Invention : 
Field of the Invention : 
The invention relates to a process for the selective catalytic 
reduction of nitrogen oxides in an oxygen- containing gaseous 

15 medium. The process uses a substance which can be converted 
into a reducing agent. The substance is first converted into 
the reducing agent by substantially thermal means in a 
separate preparation reactor and then the reducing agent is 
added to the gaseous medium upstream of a reduction catalytic 

20 converter in order to react with the nitrogen oxides. The 
gaseous medium is, for example, the exhaust gas from a 
combustion system or an oxygen- containing process gas from a 
commercial or industrial plant, e.g. from the chemical 
industry. In principle, it is possible to treat any oxygen- 

25 containing gas which is to be deNOxed. Furthermore, the 
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invention relates to a device for carrying out the above 
process . 

The process of selective catalytic reduction (SCR) for 
eliminating nitrogen oxides from an oxygen- containing gaseous 
medium has by now become established as a process which can be 
successfully managed on an industrial scale. The process is 
used in particular for deNOxing exhaust gases from combustion 
systems, including diesel engines. In the process, the 
nitrogen oxides contained in the exhaust gas are reacted to 
form molecular nitrogen and water in the presence of oxygen on 
a selectively operating reduction catalytic converter by means 
of a suitable reducing agent. A catalyst based on titanium 
oxide which also contains additions of molybdenum trioxide, 
tungsten trioxide and/or vanadium pentoxide, has proven 
suitable for the reduction catalytic converter. Ammonia (NH 3 ) 
has proven to be the most effective and successful reducing 
agent, compared to other reducing agents such as hydrocarbons 
or cyanuric acid. 

However, since ammonia is a strongly smelling and, at high 
concentrations, also a toxic compound, there are regulations 
on safe storage and handling which are specific to individual 
countries. In particular, considerable safety precautions, 
which entail costs, have to be taken if ammonia is to be 
carried along in a suitably protected tank to be used as a 
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reducing agent for cleaning the exhaust gases from diesel- 
powered passenger automobiles, commercial vehicles, or other 
vehicles . 

5 One possible solutions to the problem is described in a 

Siemens brochure "SINOX, Stickoxidminderung fur stationare 
Dieselmotoren" [SINOX, Abatement of Nitrogen Oxides for 
Stationary Diesel Engines] , Order No. A 96001-U91-A232 , 1997, 
in which it is proposed to use a substance which can be 

10 converted into ammonia, namely urea, instead of ammonia. This 
is because compared to ammonia urea is altogether harmless 
when being transported and stored. To reduce the nitrogen 
oxides, an aqueous urea solution is thereby sprayed directly 
into the exhaust gas line upstream of the reduction catalytic 

15 converter. On account of the relatively high exhaust gas 
temperatures, the urea is broken down into ammonia by 
pyrolysis and by hydrolysis. The resulting ammonia is then 
reacted with the nitrogen oxides as the actual reducing agent 
at the reduction catalytic converter in the manner described 

2 0 above. 

However, with a process of that nature a series of technical 
questions remain unanswered. For example, breaking down urea 
in the gas stream involves the problem of the formation of 
25 undesirable byproducts, which in some cases form solid, 

insoluble deposits on components downstream of the reaction 
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location. Undesirable byproducts of this nature include 
cyanuric acid, from which insoluble melamines are formed, or 
ammonium sulfates, which are formed if sulfur oxides are 
present. In addition, the urea may also crystallize out before 
5 or during the injection into the gas stream and may lead to 
the parts which carry urea becoming blocked. 

To solve these problems, it has become known for the urea to 
be particularly finely atomized during its introduction into 
10 the gas stream, to use a suitable catalyst in order to assist 
hydrolysis, or to spray the urea onto a vaporizer arranged in 
the gas stream in order to achieve rapid decomposition. 
Solutions of this type are known, for example, from European 
patent EP 0 487 886 Bl for an exhaust gas stream. 

15 

Particularly in a large-scale plant, such as a fossil-fired 
power plant, in which, for treating the exhaust gas, the 
reducing agent has to be introduced into the exhaust gas by 
means of an injection grate which comprises a multiplicity of 

2 0 nozzles, in order to achieve a uniform distribution in the 
exhaust gas duct, however, when urea is used it is still 
necessary, as before, for each individual nozzle to be 
controlled separately, in order, in the event of one nozzle 
becoming blocked, to be able to balance the amount of reducing 

25 agent required by supplying more to the other nozzles. This is 
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because even the measures listed cannot rule out the 
possibility of a nozzle becoming blocked. 

As an alternative to the urea being broken down in the exhaust 
gas stream, it is also described, in the European patent 
EP 0 487 886 Bl, for the urea to be broken down outside the 
exhaust gas stream. A urea solution is thereby applied to a 
heated vaporizer in a separate preparation reactor, by means 
of a spray device, for pyrolysis, and the gas mixture formed 
is passed over a downstream hydrolysis catalytic converter. 
Only then is the gas mixture of ammonia and residues which is 
formed introduced into the exhaust gas stream. The amount of 
ammonia metered in is regulated by regulation of the amount of 
gas mixture . 

In this way, undesirable byproducts are not formed directly 
inside the exhaust gas stream from the combustion system, but 
rather outside this stream, where fewer adverse effects are to 
be expected. 

With a procedure of this type, however, the vaporizer must be 
heated to the temperature required for hydrolysis with 
additional energy. This is because, unlike a vaporizer 
situated in the exhaust gas stream, the separate vaporizer is 
not preheated by the hot exhaust gas flowing past it. To 
achieve economic operation, a rather small area is selected 
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for the vaporizer, so that it is possible to achieve the 
hottest possible surface of the vaporizer with the lowest 
possible energy consumption. 

In a large-scale industrial plant in which the exhaust gas 
duct has a large cross section and/or in which there is a high 
volumetric flow rate of exhaust gas, such as a fossil-fired 
power plant or a gas turbine or a large-scale plant used in 
the chemical industry in which a large amount of process gas 
which is to be deNOxed is produced per unit time, however, the 
surface area of the vaporizer has to be selected to be 
sufficiently large to ensure that the urea is broken down into 
ammonia as completely as possible. However, to heat a large- 
area vaporizer of this nature to the temperature required for 
conversion into the reducing agent, a high additional input of 
energy is required. This makes the process according to the 
prior art uneconomical for large-scale plants, for which 
reason it is not used, for example, for gas turbines and 
fossil -fired power plants with large exhaust gas duct cross 
sections or large-scale plants used in the chemical industry 
with a high quantity of process gas which has to be deNOxed. 

Summary of the Invention : 

The object of the invention is to provide a process for the 
selective catalytic reduction of nitrogen oxides in an oxygen- 
containing gaseous medium using a substance which can be 
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converted into a reducing agent, which overcomes the above- 
noted deficiencies and disadvantages of the prior art devices 
and methods of this kind, and which avoids the drawbacks of 
direct introduction of the as yet unconverted substance into 
5 the gaseous medium and, at the same time, works effectively 
and economically in particular in large-scale plants with a 
high volumetric flow rate of exhaust gas or a high quantity of 
process gas or other gas which is to be deNOxed being produced 
per unit time. A further object of the invention is to provide 
10 a device for carrying out the process with particularly simple 
technical means . 

With the above and other objects in view there is provided, in 
accordance with the invention, a process for the selective 
15 catalytic reduction of nitrogen oxides in an oxygen- containing 
gaseous medium, which comprises: 

conducting a carrier gas through a preparation reactor 
disposed outside a stream of a gaseous medium ; 

introducing a substance to be converted into reducing agent 
2 0 into the carrier gas and converting the substance into 
reducing agent in the preparation reactor, and thereby 
supplying energy for a thermal conversion with the carrier 
gas; 



-7- 



GR 98 P 3321 

adding the reducing agent to the gaseous medium upstream of a 
reduction catalytic converter and reducing nitrogen oxides in 
the gaseous medium; and 

branching off a portion of the carrier gas after having passed 
5 through the preparation reactor and feeding back the portion 
to the preparation reactor. 

In other words, the substance is first converted into the 
reducing agent by substantially thermal means in a separate 

10 preparation reactor and then the reducing agent is added to 
the gaseous medium upstream of the reduction catalytic 
converter in order to react with the nitrogen oxides. In the 
invention, the substance is introduced into the carrier gas 
flowing through the preparation reactor and is converted in 

15 the carrier gas. The energy necessary for the thermal 
conversion is provided by the carrier gas. 

The invention is based on the consideration that, when using a 
vaporizer for transferring energy from the vaporizer to the 

2 0 substance which is to be converted only the relatively short 
period of direct contact between the substance and the 
vaporizer surface is available. Therefore, to convert a given 
amount of substance by means of a vaporizer, more energy has 
to be supplied than would theoretically be required for the 

25 thermal decomposition of the substance. For this reason, the 
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conversion of the substance into the reducing agent by means 
of a separate vaporizer becomes less economical as the amount 
of gas to be treated per unit time increases and therefore as 
the amount of reducing agent required rises, 

5 

However, compared to the use of a vaporizer, the energy- 
required for conversion of the substance can be reduced 
considerably if the energy is input via a carrier gas into 
which the substance is introduced. For this purpose, the 

10 carrier gas may, for example, be heated, in which case, of 
course, the conversion proceeds more quickly the higher the 
temperature of the carrier gas. The substance takes up energy 
from the surrounding carrier gas until it is broken down or 
converted by thermal means. The time which is available for 

15 the energy transfer is extended to the entire duration of the 
reaction. For this reason, the temperature of the carrier gas 
can be selected to be lower than the temperature of a 
vaporizer which is correspondingly provided for the 
conversion. For example, a standard temperature for a 

2 0 vaporizer which is used for the hydrolysis of urea to form 

ammonia is approx. 200 to 300°C, whereas for the hydrolysis of 
urea in a heated carrier gas the latter only needs to be at a 
temperature of approx. 150 to 200°C. 

25 Also, when an injection grate is being used to introduce the 
reducing agent into the gaseous medium, in particular an 
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exhaust gas stream, it is no longer necessary for each 
individual nozzle of the injection grate to be controlled 
separately, since the introduction nozzles are prevented from 
becoming blocked by byproducts of the reaction. On the other 
5 hand, there is also no need for each introduction device for 
introducing the substance into the preparation reactor to be 
controlled separately, so that it is still possible to control 
the amount of substance to be introduced in the event of a 
blockage, if the amount of reducing agent which is to be 
10 introduced per unit time is controlled in a supply line for 

the reducing agent leading from the preparation reactor to the 
gaseous medium, i.e. after conversion of the substance has 
taken place. 

15 Suitable carrier gases are in principle any gas which is inert 
with regard to the desired thermal conversion of the 
substance. Air as well is particularly suitable as one such 
carrier gas . 

2 0 The carrier gas may be heated both indirectly and directly, in 
a manner known per se, by heat exchangers which are arranged 
along the gas stream, with gas, vapor or liquid as the heat 
source, by electric heater coils or by heating a reservoir for 
the carrier gas. It is also possible, for example, for hot 

25 steam to be sprayed into the carrier gas. 



GR 98 P 3321 

With a hot gaseous medium, it is particularly advantageous if 
a part -stream of the gaseous medium is branched off from the 
main stream, and this branched-off part-stream itself is 
passed through the preparation reactor as the carrier gas and 
5 is added to the main stream of the gaseous medium again 

together with the reducing agent. This design is particularly 
recommended for the treatment of the exhaust gas from a 
combustion system, since the exhaust gas from the combustion 
system is generally already at the temperature required for 
10 the conversion of the substance. In this case, it is also 

possible to dispense with separate heating of the carrier gas. 
Also, there is no need for any additional carrier gas. 



In accordance with an advantageous configuration of the 
15 invention, some of the carrier gas is branched off after it 

has passed through the preparation reactor and is fed back to 
the preparation reactor via a return line. In this way, the 
supply of carrier gas can be reduced and, at the same time, 
the concentration of reducing agent in the outlet of the 
2 0 preparation reactor can be increased. Therefore, the 

concentration of reducing agent which is fed to the gaseous 
medium can be regulated by controlling the amount of flow 
passing through the return line. 



25 Advantageously, the substance which is provided for the 
conversion may also itself be preheated before it is 
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introduced into the carrier gas in the preparation reactor. In 
this way, the carrier gas itself may be at a lower temperature 
than would be required for conversion of the substance. 

5 The preheating of the substance may take place in the same way 
as the heating of the carrier gas . 

Furthermore, it is advantageous if the substance is injected 
into the preparation reactor by means of a pressure line. In 
10 this way, intimate mixing of the carrier gas with the 

substance to be converted is achieved in the preparation 
reactor . 

A convertible substance is understood as meaning any substance 
15 which can be at least partially converted by thermal means 

into a reducing agent which is suitable for the SCR process, 
in particular precursors of reducing agents, such as 
hydrocarbons, cyanuric acid or ammonia. Examples of substances 
which release ammonia include ammonium carbonate, ammonium 
2 0 hydrogen carbonate or urea. 

Since ammonia is an excellent reducing agent for the SCR 
technique and a range of technically developed catalytic 
converters for the reaction of the nitrogen oxides by means of 
2 5 ammonia are known, it is advantageous to use an aqueous urea 
solution for the substance, from which solution ammonia is 
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formed as the reducing agent in the preparation reactor by 
vaporization, pyrolysis and hydrolysis. To form ammonia, it is 
also possible for the substance used to be ammonia water. 

5 The conversion of the substance in the carrier gas can be 
improved further if the carrier gas together with the 
substance which has been introduced is additionally brought 
into contact with a catalyst which catalyzes the conversion of 
the substance into the reducing agent. A catalyst which is 

10 based on titanium dioxide with additions of vanadium 

pentoxide, aluminum oxide and/or silicon oxide is particularly 
suitable for the hydrolysis of urea. It has been found that it 
is particularly advantageous if the vanadium pentoxide content 
of the catalyst is between 0.02 and 1.3% by weight. Suitable 

15 catalysts are in principle catalysts which are known per se in 
plate or honeycomb form with support materials made from 
metal, ceramic or other heat-resistant materials. 

With the above and other objects in view there is also 
20 provided, in accordance with the invention, a device for the 

selective catalytic reduction of nitrogen oxides in an oxygen- 
containing gaseous medium using a substance to be converted 
into a reducing agent, the device comprising: 

a gas line for carrying a gaseous medium in a given flow 
25 direction; 
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a reduction catalytic converter disposed in the gas line and 
configured to conduct the gaseous medium therethrough; 

a preparation reactor connected in parallel with the gas line 
for converting a substance to a reducing agent by 
5 substantially thermal conversion, the preparation reactor 

having an inlet for the substance, an outlet for the reducing 
agent, and a feed point; 

a supply line for a carrier gas connected to the preparation 
reactor at the feed point, wherein the carrier gas can flow 
10 through the preparation reactor from the feed point toward the 
outlet for the reducing agent, and the inlet into the 
preparation reactor being configured to introduce the 
substance into the carrier gas; 

a discharge line connected between the outlet for the reducing 
15 agent and the gas line at a location upstream of the reduction 
catalytic converter in the flow direction of the gaseous 
medium; and 

a branch line connecting the discharge line of the preparation 
reactor with the supply line. 

20 

In other words, device has a gas line for carrying the gaseous 
medium, a reduction catalytic converter, which is arranged in 
the gas line and through which the gaseous medium can flow, 
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and a preparation reactor, which is arranged in parallel with 
the gas line, for the substantially thermal conversion of the 
substance into the reducing agent. The preparation reactor has 
an inlet for the substance and an outlet for the reducing 
agent, and a discharge line is connected to the outlet, which 
line opens out into the gas line upstream of the reduction 
catalytic converter, as seen in the direction of flow of the 
gaseous medium. In the novel device, the supply line for the 
carrier gas is connected to the preparation reactor via a feed 
point, the carrier gas can flow through the preparation 
reactor from the feed point toward the outlet for the reducing 
agent, and the inlet is configured for the introduction of the 
substance into the carrier gas . 

The supply line for the carrier gas is preferably designed as 
a compressed-gas line, so that the carrier gas flows through 
the preparation reactor from the feed point toward the outlet. 
The carrier gas may, for example, be taken from a pressure 
cylinder or as a process gas at a suitable point in the plant 
to which the device is connected. The carrier gas used may 
also be steam or exhaust gas or a mixture of various gases 
which have substantially no effect on the conversion of the 
substance into the reducing agent. It is advantageous if the 
carrier gas is air, for example in the form of compressed air. 



GR 98 P 3321 

It is advantageous if the carrier gas can be heated. In 
accordance with an advantageous feature of the invention, the 
carrier gas can be heated with an electric heater device, 
making temperature control for the carrier gas particularly 
5 simple. 

However, in an advantageous configuration of the invention, a 
heat exchanger is arranged on the supply line in order to heat 
the carrier gas. A hot exhaust gas from the combustion system 
10 can be passed over this heat exchanger, so that there is no 
need for a heater device which has to be supplied with 
additional energy . 

With hot gaseous media, the same advantage is obtained if at 
15 least part of the gaseous medium itself is used as a carrier 
gas. For this purpose, the supply line of the preparation 
reactor is advantageously connected to the gas line of the 
combustion system upstream of the reduction catalytic 
converter, as seen in the direction of flow of the gaseous 
2 0 medium, and at least a part -stream of the gaseous medium can 
flow through the supply line as the carrier gas. The part- 
stream of the gaseous medium may be either actively sucked 
into the supply line or passed passively into the supply line 
via a suitably designed connection piece. It is also possible 
25 to utilize the natural pressure gradient in the gas line for 
flow through the preparation reactor if the connection of the 
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supply line for the preparation reactor is arranged upstream 
of the connection of the discharge line of the preparation 
reactor, as seen in the direction of flow of the gaseous 
medium. The configuration described is recommended in 
particular for an exhaust gas from a combustion system which 
is at a temperature required for the conversion of the 
substance . 

The amount of carrier gas fed to the preparation reactor is 
easy to regulate via a pressure regulator which comprises, for 
example, a pressure sensor, the output signals of which are 
used by a proportional/integral controller to control a pump 
or a valve arranged in the supply line. 

In another advantageous configuration of the invention, a 
branch line which opens out into the supply line is arranged 
on the outlet line of the preparation reactor. A system of 
this nature, which is also known as a loop reactor, makes it 
possible to regulate the concentration of reducing agent in 
the discharge line by limiting the flow through the branch 
line . 

To inject the substance into the preparation reactor, it is 
advantageous if the inlet for the substance is connected to a 
pressurizable reservoir and opens out into an injection device 
in the preparation reactor. Alternatively, it is also possible 
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to connect a pump with pressure line to the inlet. In this 
way, it is possible to achieve simple and effective mixing of 
the substance with the carrier gas flowing through the 
preparation reactor . 

5 

For the injection device itself, it is possible to use a one- 
fluid nozzle or, advantageously, a two-fluid nozzle. With a 
two- fluid nozzle which is additionally connected to a 
compressed gas, it is possible to achieve particularly fine 
10 atomization of the substance into the carrier gas and 

therefore good thermal conversion of the substance into the 
reducing agent . 



In addition to heating of the carrier gas, it is furthermore 
15 advantageous if the substance to be converted is heated in 
addition. In this way, it is possible to improve the 
conversion of the substance into the reducing agent. To heat 
the substance, it is recommended for an electric heater to be 
arranged on the reservoir or the supply line. 

20 

To assist the conversion of the substance into the reducing 
agent, it is furthermore advantageously possible for a 
catalyst which assists the conversion to be arranged in the 
preparation reactor . 
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To achieve good conversion of the substance into the reducing 
agent, it is advantageous if the ratio of inflow area of the 
catalyst to the amount of the substance passing through the 
preparation reactor is between 0.001 and 0.01 m 2 /l/h. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 



Although the invention is illustrated and described herein as 
10 embodied in a process and device for the selective catalytic 
reduction of nitrogen oxides in an oxygen- containing gaseous 
medium, it is nevertheless not intended to be limited to the 
details shown, since various modifications and structural 
changes may be made therein without departing from the spirit 
15 of the invention and within the scope and range of equivalents 
of the claims . 



The construction and method of operation of the invention, 
however, together with additional objects and advantages 
2 0 thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 



Brief Description of the Drawings : 
25 Fig. 1 is a diagrammatic view of a device for carrying out the 
process according to the invention for cleaning the exhaust 
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gas from a gas turbine, wherein urea is converted into the 
reducing agent ammonia in a separate preparation reactor, part 
of the exhaust gas from the gas turbine being branched off as 
heated carrier gas; and 

Fig. 2 is a diagrammatic view of the device similarly to Fig. 
1, but with the separate preparation reactor implemented as a 
loop reactor and with heat exchangers additionally being 
provided for heating the carrier gas. 

Description of the Preferred Embodiments : 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is seen a device 
for the selective catalytic reduction of nitrogen oxides. The 
device is provided for the deNOxing of the exhaust gas from a 
gas turbine which, for purposes of clarity, is not 
illustrated. The gas line 1 is the exhaust gas line of the gas 
turbine and has exhaust gas flowing through it, as gaseous 
medium 2, in the direction of the arrow. The gas line 1 widens 
out into an SCR reactor 3 in which a reduction catalytic 
converter 5 and a reducing -agent injector 6 are arranged. The 
reduction catalytic converter 5 is a catalytic converter which 
is in honeycomb form, is produced as an unsupported extrudate, 
and is based on titanium dioxide with additions of tungsten 
trioxide, molybdenum trioxide, and vanadium pentoxide. The 
reducing- agent injector 6 is an injection grate having a 
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multiplicity of single-fluid nozzles distributed over the flow 
cross section of the SCR reactor 3 . 



The reducing -agent injector 6 is connected via a discharge 
5 line 8 to an outlet 9 of a separate preparation reactor 10 for 
preparing the reducing agent which is required for the deNOx 
reaction taking place at the catalytic converter 5. The 
preparation reactor 10 comprises an injection device 11 and a 
catalyst reactor 12 which assists in the preparation. The 

10 injection device 11 of the preparation reactor 10 is 

connected, via a supply line 14, to a reservoir 16 for the 
substance 18 which is to be prepared or converted into the 
reducing agent. In the present case, the substance to be 
converted which is used is an aqueous urea solution which is 

15 converted into urea in the preparation reactor 10 and is 
injected into the SCR reactor 3 as reducing agent via the 
reducing -agent injector 6. 



The preparation reactor 10 also has a feed point 20 which, via 
2 0 a supply line 21, is connected to the gas line 1 of the gas 
turbine upstream of the SCR reactor 3, as seen in the flow 
direction of the gaseous medium 2 . A partial stream 22 of the 
gaseous medium 2 flows into the preparation reactor 10 via the 
supply line 21 and, as carrier gas, flows through the 
25 preparation reactor from the feed point 2 0 toward the outlet 
9. A compressor 23 is arranged in the supply line 21 in order 
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to regulate the amount of the partial stream 22 which flows 
through. The compressor 23 is controlled by means of a 
proportional/ integral (PI) controller 24 which, in order to 
provide regulation, evaluates the pressure values obtained 
5 from a pressure pick-up 25 connected downstream of the 
compressor 23 . 

Similarly to the reducing- agent injector 6, the injection 
device 11 is implemented as an injection grate which extends 

10 across the cross section of the preparation reactor 10. 

However, the nozzles used for the preparation reactor 10 are 
so-called two- fluid nozzles 26, in which at the outlet opening 
of the nozzle the substance to be injected is mixed with a 
compressed gas, for example compressed air. The injection 

15 causes the substance 18 which is to be converted (in the 
present case an aqueous urea solution) to be mixed in the 
preparation reactor 10 with the partial stream 22 flowing 
through it. The temperature of the partial stream 22 of the 
exhaust gas, which is approx. 2 00 °C, leads to the urea being 

2 0 broken down into ammonia and carbon dioxide, partially by 

pyrolysis and partially by hydrolysis. The byproducts which 
are also formed in the process, such as for example melamine 
or, in the presence of sulfur oxides, ammonium sulfate, are 
deposited while they are still in the preparation reactor 10 

25 and do not enter the exhaust gas line 1 of the gas turbine. 
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To assist the conversion of the urea, the part stream 22, 
together with the urea which has been introduced and has in 
part already been converted into ammonia, is passed through 
the catalyst 12, which is designed as a hydrolysis catalyst. 
5 The hydrolysis catalyst 12, like the reduction catalytic 

converter 5, is a ceramic unsupported extrudate monolith in 
honeycomb form, the material of which consists of titanium 
dioxide with additions of vanadium pentoxide, aluminum 
trioxide, and silicon oxide. With single-stage injection as 

10 shown, the superficial loading of the catalyst 12, that is to 
say the ratio of the inflow area of the catalyst 12 to the 
amount of the substance to be converted passing through the 
reactor, may be up to 0.01 m 3 /(l/h) . Good conversion of the 
urea into ammonia is achieved if the length of the preparation 

15 reactor 10 is between 4 and 6 m. Multistage injection may also 
take place in the preparation reactor 10, in which case a 
catalyst 12 is arranged downstream of each injection device 
11. The choice between single-stage or multistage injection 
depends on the prevailing conditions of use. 

20 

Finally, the partial stream 22 which has been mixed with the 
reducing agent urea passes via the outlet 9 into the discharge 
line 8, where a static mixer 27 is additionally arranged in 
order to provide better mixing. 

25 
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For the substance 18 which is to be converted to be metered 
into the preparation reactor 10, the substance 18 is conveyed 
into the feed line 14 from the reservoir 16 by means of a pump 
28, via a suction intake 29 and a filter 30. To ensure that 
5 the pressure in the feed line 14 is approximately constant, an 
overflow valve 32 is arranged in a return line. Furthermore, 
the supply line 14, for accurate metering of the substance 
into the preparation reactor 10, includes a control valve 3 3 
which is controlled by means of a volumetric flow rate 
10 detector 34. A compressor 35 is provided for generating the 
compressed air which is required for the two- fluid nozzles 
arranged in the injection device 11. 

To control the amount of reducing agent which is introduced 
15 into the SCR reactor 3 per unit time, the discharge line 8 
contains a control valve 40. Therefore, it is possible to 
exactly meter the amount of reducing agent which is to be 
introduced into the SCR reactor 3 per unit time by means of 
the controlled supply of a partial stream 22 and the amount of 
2 0 urea which is introduced into the preparation reactor 10 per 
unit time. 

A parallel top-up line 3 8 is provided in addition to the 
discharge line 8, via which top-up line additional reducing 
2 5 agent can be introduced separately by means of a further 

control valve 41. This top-up line 38 is used to a certain 
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extent as a safety measure if the conversion of urea in the 
preparation reactor 10 were to fail for technical reasons. 



Referring now to Fig. 2, in the deNOxing device illustrated in 
5 Fig. 2, as compared with the deNOxing device illustrated in 
Fig. 1, the carrier gas flowing through the preparation 
reactor 10 is not a partial stream 22 of the gaseous medium 2 
which is to be treated, but rather heated air. The air is 
provided to the preparation reactor 10 via the supply line 21 
10 by means of a compressor 42. A heat exchanger 44 through which 
hot process gas or steam from the gas turbine flows via a 
line 47 is used to heat the air. 



In addition, part of the gas mixture flowing inside the 
15 discharge line 8 can be returned to the supply line 21 via a 
branch line 48. Therefore, the preparation reactor 10 is to a 
certain extent designed as a "loop reactor" . The branch line 
4 8 makes it possible to restrict the amount of carrier gas 
required for the conversion and, at the same time, to 
2 0 concentrate the amount of the proportion of reducing agent 
which is contained in the gas mixture flowing through the 
discharge line 8. For this purpose, the amount of gas mixture 
flowing back into the preparation reactor 10 via the branch 
line 4 8 per unit time is controlled by means of the control 
25 valve 49 and the compressor 50. To prevent cooling of the gas 
mixture flowing back via the branch line 48, a further heat 
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exchanger 51, which also has the hot process gas or steam from 
the gas turbine flowing through it via the line 47, is 
arranged on the branch line 48. 

In addition, an electric heater 53 for preheating of the 
substance 18 is arranged at the reservoir 16. 
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We claim : 

1. A process for selective catalytic reduction of nitrogen 
oxides in an oxygen- containing gaseous medium, which 
comprises : 

conducting a carrier gas through a preparation reactor 
disposed outside a stream of a gaseous medium; 

introducing a substance to be converted into reducing agent 
into the carrier gas and converting the substance into 
reducing agent in the preparation reactor, and thereby 
supplying energy for a thermal conversion with the carrier 
gas; 

adding the reducing agent to the gaseous medium upstream of a 
reduction catalytic converter and reducing nitrogen oxides in 
the gaseous medium; and 

branching off a portion of the carrier gas after having passed 
through the preparation reactor and feeding back the portion 
to the preparation reactor. 

2. The process according to claim 1, which comprises 
branching off a partial stream of the gaseous medium from the 
stream of the gaseous medium, and passing the partial stream 
through the preparation reactor as the carrier gas, and adding 
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the partial stream to the stream of the gaseous medium 
together with the reducing agent. 

3. The process according to claim 1, which comprises 
preheating the substance and introducing the preheated 
substance into the preparation reactor. 

4. The process according to claim 1, which comprises 
injecting the substance into the carrier gas in the 
preparation reactor via a pressure line. 

5. The process according to claim 1, wherein the substance is 
an aqueous urea solution and the reducing agent formed in the 
preparation reactor is ammonia. 

6. The process according to claim 1, wherein the substance is 
ammonia water, and the reducing agent formed from the ammonia 
water in the preparation reactor is ammonia. 

7. The process according to claim 1, which comprises bringing 
the carrier gas, together with the substance introduced into 
the carrier gas, into contact with a catalyst in the 
preparation reactor and thereby assisting the conversion in 
the preparation reactor. 



-28- 



GR 98 P 3321 

8. A device for the selective catalytic reduction of nitrogen 
oxides in an oxygen- containing gaseous medium using a 
substance to be converted into a reducing agent, the device 
comprising : 

a gas line for carrying a gaseous medium in a given flow 
direction; 

a reduction catalytic converter disposed in said gas line and 
configured to conduct the gaseous medium therethrough; 

a preparation reactor connected in parallel with said gas line 
for converting a substance to a reducing agent by 
substantially thermal conversion, said preparation reactor 
having an inlet for the substance, an outlet for the reducing 
agent, and a feed point; 

a supply line for a carrier gas connected to said preparation 
reactor at said feed point, wherein the carrier gas can flow 
through said preparation reactor from said feed point toward 
said outlet for the reducing agent, and said inlet into said 
preparation reactor being configured to introduce the 
substance into the carrier gas; 

a discharge line connected between said outlet for the 
reducing agent and said gas line at a location upstream of 
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said reduction catalytic converter in the flow direction of 
the gaseous medium; and 

a branch line connecting said discharge line of said 
preparation reactor with said supply line. 

9. The device according to claim 8, wherein said supply line 
is a compressed-gas line for the carrier gas. 

10. The device according to claim 8, wherein the carrier gas 
is air. 

11. The device according to claim 8, which comprises a heater 
for heating the carrier gas. 

12. The device according to claim 8, which comprises heat 
exchanger for heating the carrier gas arranged at said supply 
line . 

13. The device according to claim 8, wherein said supply line 
is connected to the gas line upstream of said reduction 
catalytic converter, in a flow direction of the gaseous 
medium, and said supply line is configured to conduct at least 
a partial stream of the gaseous medium as the carrier gas. 
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14. The device according to claim 8, which comprises a 
pressure regulator in said supply line. 

15. The device according to claim 8, which comprises a 
pressurizable reservoir connected to said inlet for the 
substance . 

16. The device according to claim 15, wherein said inlet is 
configured as an injection device having a two- fluid nozzle, 
and a compressed gas source is additionally connected to said 
injection device. 

17. The device according to claim 15, which comprises an 
electric heater device for heating the substance in said 
reservoir . 

18. The device according to claim 8, which comprises a 
catalyst device through which the carrier gas can flow in said 
preparation reactor for assisting with the conversion of the 
substance into the reducing agent . 

19. The device according to claim 18, wherein a ratio of 
inflow area of said catalyst device to an amount of the 
substance passing through said preparation reactor is between 
0.001 and 0.01 m 2 /(l/h). 
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Abstract of the Disclosure : 

The process and the device are provided for the selective 
catalytic reduction of nitrogen oxides in an oxygen -containing 
gaseous medium. The reducing agent required for the reaction 
5 is prepared in a separate preparation reactor. A substance 
that can be converted into the reducing agent is introduced 
into a carrier gas in the preparation reactor and, as a 
result, is converted by substantially thermal conversion. The 
energy required for the conversion is provided by the carrier 
10 gas. 
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 
ERKLARUNG FUR PATENTANMELDUNGEN MIT VOLLMACHT 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit an 
Eides Statt: 

daB mein Wohnsitz, meine Postanschrift und meine 
Staatsangehorigkeit den im nachstehenden nach meinem 
Namen aufgefuhrten Angaben entsprechen, daB ich nach 
bestem Wissen der urspriingliche, erste und alleinige 
Erfinder (falls nachstehend nur ein Name angegeben ist) 
oder ein urspriinglicher, erster und Miterfinder (falls 
nachstehend mehrere Namen aufgeuhrt sind) des 
Gegenstandes bin, fur den dieser Antrag gestellt wird und fur 
den ein Patent fur die Erfindung mit folgendem Titel 
beantragt wird: 

VERFAHREN UND VORRICHTUNG ZUR SELEKTIVEN 
KATALYTISCHEN REDUKTION VON STICKOXIDEN 
IN EINEM SAUERSTOFFHALTIGEN GASFORMIGEN 
MEDIUM 

deren Beschreibung hier beigefugt ist, es sei denn (in diesem 
Falle Zutreffendes bitte ankreuzen), diese Erfindung 

□ wurde angemeldet am 

unter der US-Anmeldenummer oder unter der 
Internationalen Anmeldenummer im Rahrnen des 
Vertrages uber die Zusammenarbeit auf dem 
Gebiet des Patentwesens (PCT) 

und am 



_ ___ abgeandert (falls 

zutreffend). 

Ich bestatige hiermit, daft ich den Inhalt der oben 
angegebenen Patentanmeldung, einschlieBlich der 
Anspriiche, die eventuell durch einen oben erwahnten 
Zusatzantrag abgeandert wurde, durchgesehen und 
verstanden habe. 

Ich erkenne meine Pflicht zur Offenbarung jeglicher 
Informationen an, die zur Priifung der Patenfahigkeit in 
Einklang mit Titel 37, Code of Federal Regulations, § 1.56 
von Belang sind. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention 
entitled: 



PROCESS AND DEVICE FOR THE SELECTIVE 
CATALYTIC REDUCTION OF NITROGEN OXIDES IN 
AN OXYGEN-CONTAINING GASEOUS MEDIUM 



the specification of which is attached hereto unless the 
following box is checked: 

□ was filed on as United 

States Application Number or PCT International 
Application Number 

and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1 .56. 
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Ich beanspruche hiermit auslandische Prioritatsvorteile gemaft Title 
35, US-Code, § 119(a)-(d), bzw. 365(b) aller unten aufgefiihrten 
Auslandsanmeldungen fur Patente oder Erfinderurkunden, oder 
§3 65(a) aller PCT international en Anmeldungen, welche wenigstens 
ein Land aufter den Vereinigten Staaten von Amerika benennen, und 
habe nachstehend durch Ankreuzen samtliche Auslandsanmeldungen 
fur Patente bzw. Erfinderurkunden oder PCT internationale 
Anmeldungen angegeben, deren Anmeldetag dem der Anmeldung, 
fur welche Prioritat beansprucht wird, vorangeht. 

Prior Foreign Applications 
(Friihere auslandische Anmeldungen) 



198 21 055.8 



Germany 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Number) 
(Nummer) 



(Country) 
(Land) 



I hereby claim foreign priority under Title 35, United States Code, 
§119 (a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365 (a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 
Prioritat nicht beansprucht 



11 Mav 1998 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr der Anmeldung) 



□ 



□ 



Ich beanspruche hiermit Prioritatsvorteile unter Title 35, US-Code, § 
1 1 9(e) aller US-Hilfsanmeldungen wie unten aufgezahlt 



I hereby claim the benefit under Title 35, United States Code, 
§1 19(e) of any United States provisional application(s) listed below. 



^.^Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



^(Application No.) 
]i(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



_ Ich beanspruche hiermit die mir unter Title 35, US-Code, § 120 
T zustehenden Vorteile aller unten aufgefiihrten US- 
fPatentanmeldungen bzw. § 365(c) aller PCT internationalen 
rAnmeldungen, welche die Vereinigten Staaten von Amerika 
pbenennen, und erkenne, insofern der Gegenstand eines jeden 
yMheren Anspruchs dieser Patentanmeldung nicht in einer US- 
gatentanmeldung, bzw. PCT internationalen Anmeldung in einer 
gemaft dem ersten Absatz von Title 35, US-Code, § 112 
^vorgeschriebenen Art und Weise offenbart wurde, meine Pflicht zur 
Offenbarung jeglicher Information en an, die zur Priifung der 
Patentfahigkeit in Einklang mit Title 37, Code of Federal 
Regulations, § 1.56 von Belang sind und die im Zeitraum zwischen 
dem Anmeldetag der fruheren Patentanmeldung und dem nationalen 
oder im Rahmen des Vertrags uber die Zusammenarbeit auf dem 
Gebiet des Patentwesens (PCT) giiltigen internationalen 
Anmeldetags bekannt geworden sind. 



I hereby claim the benefit under Title 35, United States Code, §120 
of any United States application(s), or §3 65(c) of any PCT 
International application designating the United States, listed below 
and, insorfar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Titile 35, United States Code, §112, 1 acknowledge the 
duty to disclose information which is material to patentability as 
defined in Titile 37, Code of Federal Regulations, §1.56 which 
became available between the filing date of the prior application and 
the national or PCT International filing date of this application. 



PCT/DE99/01367 



6 May 1999 



(Application No.) 
(Aktenzeichen) 



(Filing Date) 
(Anmeldetag) 



(Status)(patented, pending, abandoned) 
(Status)(patentiert, schwebend, aufgegeben) 



Ich erklare hiermit, daft alle in der vorliegenden Erklarung von mir 
gemachten Angaben nach bestem Wissen und Gewissen der 
Wahrheit entsprechen, und ferner, daft ich diese eidesstattliche 
Erklarung in Kenntnis dessen ablege, daft wissentlich und vorsatzlich 
falsche Angaben oder dergleichen gemaft § 1001, Title 18 des US- 
Code strafbar sind und mit Geldstrafe und/oder Gefangnis bestraft 
werden konnen und daft derartige wissentlich und vorsatzlich falsche 
Angaben die Rechtswirksamkeit der vorliegenden Patentanmeldung 
oder eines aufgrund deren erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were 
made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any 
patent issued thereon. 
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